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(57) Abstract: 

PURPOSE: To obtain a symbol synchronization and a 
carrier synchronization from an information signal. 

CONSTITUTION: The 1 and Q signals from A/D 
converters 38 and 40 are imparted to delay circuits 51 
and 52, respectively, and they are delayed by an 
effective symbol period. Because the signal of a guard 
period and the signal of the terminating period of an 
effective symbol period are the same, the I signal and 
the delay signal have a correlation when a carrier 
synchronization is taken. Even when the carrier 
synchronization is not taken, the correlation of the I 
signal and the delay signal or the correlation of the 
delay signals of the I signal and the Q signal are 
provided. A guard timing detection circuit 55 detects a 
guard timing by squaring each correlation result and 
adding it. A guard period elimination circuit 41 obtains 
a symbol synchronization by eliminating the guard period 
by this guard timing. As the signal which becomes 0 when 
a carrier frequency error is the integral multiple of a 
sub-carrier interval is obtained from each correlation 
result in the guard timing, a carry synchronizaing 
detection part 60 controls a local oscillation frequency 



by using a correlation result. 
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Ufc :l t i: i-S O F DMISl»!«I^llIE&o 

t mmm 1 (omm^wt(Dmf} t <otiBi#»^ 2^ Lfctt 
■r?>m^m 1 fciE«<oo f DMrnmrnm^^o 

m-^kwsmf^ ix\t.m2 (ommmmcomt) t <onmm^ 
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sr4#m t -r s o F Dummmmms^o 
[0001] L^m<Dnm 

mm±(r>mm»m] ^^mi-i. oFDMmmmmmm 

■^*^e>#s <t 5 1- biTco F DM(iM«fg(His&(cii-r 5., 
[0002] 

^CgiV^E3^;il}fi^^>S!l#•« (KtT, OFDM (orthogon 
al frequency division multiplex tV'>5) ^W<^^ffl 

20 v^5) 'ti^^ivmm■r^1s^X»y?,o OFD 

[0 0 0 3] mi 2i:iOFT)Mmm.m^^^i-:^^'y^ 

[0 0 0 4] A;^ffi^l SriJhbTA;^J$n5s^r'— ^ 
li-eaj^fiQ P S K^ISXttQ AM^fl^ tblfc-fl-^-Cfc 
•So ^lO^lftv'— ^l40FDM^|i^2(©ii:?lJM^IJ^m 

lues 3 ?>4xrffi3a^i«^»ix:/7j</wd-^A£5^^7 

^^#1 IF FT) [i]^4[i. ^:s.{zm.^-r^m 
is-r€)o rcD^ji'Kffi-rs I FFTiiie&4CD 

:iH-f > ^^^CJ;oTtS:;£$^^5» I FFT|hIBS4(cJ:o 

r o F DM^fi $ ixfcei^T'— nmMm^mw^m^ 5 

JPIIIK 6 (C-^^ K»8ra#ilPIllES 6 tt-r/wg^ 

40 i.t£\^^mmcm:fj-r?>o 

[000 5] 013 mmtmM^titz.mmy'- 

[0 0 0 6] OFDM(c*5V>Ttt. eSIr'-^ ?Sr^W7!; 

50 h'mmnMmm e 121 1 3 j; 5 1-. *2b-> 
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[0 0 0 7] — OFDM=aiiIlllS7{:i*5V^rti, 13 

-^;tS<, iSJiJM^iJ^^leiesgiiiyy Ty^x-i5'Sr#•^^:^ 10 

y^^#i (jJlT. FFTtV^5) (HllS10lcm;^j-r5= F 
FTlHl6S10liF F Ti!S»t^ ioT^-^T'dr-y y TSr^^ 
-rSo F F TlHllf&lO*^bco«|itH;^«jlfe?Uii:?iJ^«llHl8& 

[0 0 0 8] tr?,-C. FFTIHlB&10}^SIE^^fcJ^cafS?:^T 

Vi?'i.$i^lC?g(KbfcJK?^t?foSr OFDM^ 

[0 0 0 9] ^^-C. =6651500 FDMlllMaiS[Hllf&(C*3 
VNTJi. CCIR Rec. 774{c;^-r J; 5 V^'jKVvPSBSrt 

30 

[00 10] ±x&Ufc<t5{-s a^ftr'— K»i 
W^5#*n$^^TV^^„ gp*>, ig 1 4 f^;^-t- J; 5 1 

[0 0 11] 01 5«t^5lS<DOFDMlHl»3aiilHl 

"Summary of OFDM Experiments done by the ATRC" (C 

t t)«E#t;i;=^'<i5' h/\^mmi:t'o±h(0-(^. mi Scot 

h*-yyT15, let UTffiV^S. ^(D^<^ 50 
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05, h^-YyrSr^fem-rsr t(-J:t)=^^yTlHlfflSr» 
[00 12] bd^L/i/iS?>, jg^6*){;::32lfS$t^/5^/i'V 

h-otco ^(omm ^m^-r i>tcibKmmK^/y-'^> 

h^Sr-r yTSrfflv^-c^-ryTI^^Sr^T5;&■fc-c«, 

[0 0 13] 

S-^/JSfcofc, /^-fp?/ ^=¥■¥yT^5S5#S^S^t 

S t y TPW^s t n^'i < ''iS t v^ 5 BaH-^t)fco 

[0 0 14] *^Mi**^*>SBgS^{cM^-C^i^tbfct 
[0 0 15] [^M<75«^] 

fet). *%l^<Oft^«4i;i^S.50FDM|^MmiSlHl8S 
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^Ruwi^^mmm^ t mmm i xt^fs 2 <Dmm^m<o 

[0 0 16] 

tfl&i;5m2<OjgM^S®5lM*^*??!jv'i^ 
ll=fa«li!£«lft*2iiUftt3^^SEiii|llfi-^«^^if2S.T^ 

[0 0 171 

[Sgli-B^J] CAT. EIBS-#fiabT*^M»3IJi«aj(cov^ 
■XWm-fho llIlJ**5Sigic«^OFDMlRlWtt|l[Hl8& 

[0 0 18] A;^«-f-31(ct4iaS^b/£V^5^r.— ^(Cio 

5) I^S^^^^fcOFDM^la^t■8■>4SA;^$^^^c A;^ 

'P!lxliQAMff-*/5SOFDM^P^tv:/tm> 

io-rr i*s-e#5. esi^tufcOFDM^ISft-^^. El 
1 4<05?/i'->:^jjf/w^SHSr*LT*3t>-f , ^fc, mis 

©/■S'f n .y I-dr^yrt)<frL-CV'':^CV\ I F^f-^Jt^i^ 
mm-7^fV^ (iJlT, BPFiV^5) 32(C-^x.e.tt. B 
PF32iaiiiia^JS6^co$iW^K5*UTm3SSi33, 34(c:Hi 

[0 0 191 ^a5^M«35iami^-r5D/A^ifeg|105 

^ffl«36*:^hLTm»«S34{cm;'3i-5. ^t@^36 
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TQtt^gB^^ttl;^^#So ^M£«^33, 34(i^>!r I ttX 

ciw?;;^7^/W^ (gtr, LPF^:V^5) 375:^ UT A 
/D^g^38{C.^;tt>nSo mStS34d^e,©iE3S 
imMmti (Qft-§-) i*LPF39^^LTA/D^^ 
40(;i#:tttu6. LPF37. 39«** I -ff-^XfiQ-ft-^ 
®iiS«J5S:$^Sr^*-rSo A/D^#|:S38, 40{i. m3zB 

10 ;^J$ixfcft-^^7'^-i?i?/vM-^|;::^#|LTOFDM^|^ 

[0 0 2 0] OFDM^ISmsli. Sl2<DOFDM=g 
ISIS7 i:lll«<D«j5g-e$>f9, KSgK»*[H]8S4U ilt 
?ijag?iJ^#llHlgS42, F F T|5]eS43&t/ilfe^lJii[?iJ^lSllslK 
44^c<toT^f^$^^rv^2.„ KWM^*lHieS4l«, 

^ L r F F T [5)fS43(c (±i;^-t- S o 

[0 0 2 1] F F T[i)ES43«A;^ I fS-f-J^tJ^Qft 

-f-Sr^^«^|^©^lf|5. mifl5i^JiebrFFT^sn.3g§r^T 

I^MaIS*SfTi5i^So W*>> FFT[H]8S43(C<to-CFF 

30 44(C-^;t^,H, jlfe?lJiS?lJ^«llH]i^44(4;itu^OT'-i5'S- 
Vy T/W^-^(C^^bTffi;^-rS<t 5l-^£oTV^5o 
[0 0 2 2] *^JfeWc*5V^Tf*, A/D^mS38, 40 
©W;^liW^/H^^^ttlg|550Jct#;te>tb.5o E12(± 
igi i4^®v'i^:«?/V[l«i^tli?fl550SrIftW-t--5fc»O^-r 5 
V^^-V— b-Cfo5. 1112 (a) liA/D ^81^38© tU 
;^iSr^b. 1112 (b) }*iS^lH]K51©ffl;^jSr^L. SI 2 
(c) HffiM^53<Dtil;/3^^L, 1112 (d) KiS^ 
'1'5:/^^Sr*b. 112 (e) \%-)J~Y^^f^^-Y^<;v 

40 [0 0 2 3] iXV3j?/HHlM«lttigi550(4a3^[lIgS51. 52, 
+§88^53. 54JiU5;<f-Kj5'-r5i^;^*^t±llHlBS55{c<t-QT 
fil^^HTl^S. ajgllllS&Sl, 52f4^A I m-^STJJQfS 
■^SrW5S)v'>'*f/VffiM t s ;rc(t@jffi$-^TtBI8«S53. 54 
(-m;^i-5c tSMS53, 54fC(iA/D^^38/4>e5 im 

■^t>A;^$ti'Tv^-5, nmm-i\t^—Ywm(n>^~Ym 

54« I ft-^ t jlffi bfcQfl-^- 1 (DffiM«^Sr*«> 

[0 0 2 4] ±M\.txLi.oVL. OFDM^Wft#t*«-* 
jav-^Tjr/v^KSl , S2 , • ••05feffi{c*-*:<f-Kfflra 
50 Gl . G2 , ••/55^^^JP$tUTV^^ (1112 (a) ^flS) „ 
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^-vmmGi , G2 . ■■■i-i^^i^>:^/vmmsi , s 

2 , -©^i^ffl^raGl ' . G2 ' , ■••Sr«^Lfct>«0-^ 

ii^/i'MHjlM^-frSt. 1112 (a) , (b) izm-ti:^ 
5l3im-^co;tf- KWraci , G2 , -(D^^^:^^ 

t^mmmci ' . g2 ' , -(d^^ ^>^tt^-m-t 

<DiljS«-^t<?5tgMli/h$V\ rcDfcfc, 02 (c) {C 
^t-<t5f-s taMS53;?i»f>©*aM^»(**^SffifflMGl , 

G2 . -iDmit^^^ s.:^i^-d^hm}km<ti*). mmmm 
[00 2 51 um^^-it^hnrnm^m-t-^— $ :^ 

55(i. 1212 (c) <r)\f—^ Ki^if^i^mx^. z.<n>^ 
S.^^^^:ff—V^-f (122 (d) ) bLX:ff— 

K«M^*lHlES41(;iW;0-r€>o K»WK?*[H]iSS41 

^(f-KiS'-r $ v^/ffi-^SrSSpi: bT;<f-K^*ffl(0 20 
(112 (e) ) Sr^l^L. r<oy- h^^/u 

(0 0 2 61 112 (c) {^^-rtaM^mJ*. 

a >-(;iJ;oT*«>fc;i^7 7-efo5o laSTI/MllS (a) 30 

ii3;?i»Mii5 (b) \-iim-^tQi8-^<Dmmm^t<om 

[0 0 2 71 I113«=3r-r yT|^M>5Si:^^-C^^■5»'g•. BP 

(a) ffili#«fcSI lii^C^MGl ' . 

G2 ' , ■■■(OmT^'i ^^i^Xi^f-^ tf£^o im-^t 

Q«-§- 1 ««*¥®-h-e^a:+a*5 9 o m-TMcm-^xh^ 40 
tg2^c^Bli^^Lrv^^£v^o-e. us (b) iz.^i- 

[0 0 2 81 EI4«=ar-r y TJliS^iSMA f *5 f s / 8 

(fs fimm-r^'^zf^^ V rm^mi^^m -efc^.* 

ffi+Sdsmtet-Sco-Cft-^G' liM-^GJ: 4 5SetS*s 
3iA.Jt*t.CDi:Jfe5. SfoT. 114 (a) (C^f<t5»-. 

■^xr)iid-$fmtf£^, ate. ift-^-tQfi-^ogM 50 
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m-^t<Dmizipsm*^^^\^s m4 (b) izTn-rxoK. 

[0 0 2 91 msti^-ry TJSJffi^PMA f^JSfs /4 
■C9 oa'Effi;^? [51^-^5 O-C. ft-^G' (4ft-^G<t 13 t) 
(4115 (a) t;i^i-J; 5t-0 5fi^cD«i:/ii), tSiS'S^ 

sQ»iii5 (b) {z^irx^{mmmm(DmT^-( ^> 

[0 0 3 01 113 7I»SS5^^b5g^>d^^c<}; ^-ry 
SQ *^^/isl-ifflfflM©)^T^-f ? rwH* 

[00 3 11 ffiM^^^SI , SQ 2^IeIlS81. 82 

tC-^^t>tu-5o 2miH]gS81, 82tt^^ffiM'»ifcSI , S 

Q ^ 2m\^xMnm3Kmti-r?>. Mwm3i^2mms& 
81, 82cDW;^^*P*LrLPF84{;i-^x5„ nettro 
mmi^^-^^-tify-yx^^^ ^^vrmmt^th^x\^ 

igcsi , SQ zmvfcmm-t^h. mmmm: 

V ^-c f — ^ i ^£ So L P F 84tt r. (Dl}mm^(Omtl Sr 
¥?IL.Tt°-:5'i4WlHllS85(C-^x.5o f-^ttmieie&85 
l4BffS0Si|SiJl-h®^t-^Sr»m LT*iJ^lHlBS86{cW;^i- 
fiJ^lHl8S86[*t°-^attl[El8S85®ttttlfem:i^e>t- 

tra;^-r-5, r(Di5'^5>':/tt-§-i*77^*:'i'— /nags 

87{C-^;t hiX^o 7- ^-f — /l'lH]|^87(*H^JSllIBS86/4^ 

[0 03 21 US KiJ'-f $ i^i^mtii^^(om<Dm 

^m-ry^ry^mxh^o H 8 ^c:*5V^Tll 7 t IrI— co^t 

(0 0 3 31 |l|8^C:feV^T^4. 2S[h1K81, 82(Cftx.T 
ilfe5fefffilsI8&89, 90*s^gffl$^^TV^S„ *@BI#?^SI . S 

^'^ti^IHIiS88S:fflv^T^J;^^- K^-r 5 i^;?'^i-^S:#2>r 

[0 0 3 41 3^mS«?lJ(C*3V>T«. *Bil§l53, 54 

A^f><OffiM«|^SI , SQ «dr-r yTID^^^IttJ^eOtC'b 

-^;te>tLTVNSo ^-vyT(^siiitfettiia56o«=^-^ y Tj^js 
^mmmmmmeiRxj'^^ y T«^s^$'J^WlHIl^&62(^:J:o 
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f ■5;fc«)©^9 7-T?fc'5o mio (a) nm U) 

^Vv'cn^ hSQ/SI SrtoT. K:?'!' 5 
OffiM'K^SI , SQ <DH'^.^^LTV^S. 
[0 0 3 5] Hgtc^iVNT^Sf-^-y TJliS^i8^;^ttilHlgS 
61<^<>'-h91. 92{Cti*^tgM'^^SI , SQ t^At)^ 
4xT*3!3, h91, 92ii0—h'^4^:^i^m-B-<Oi'^ 
5 Vi^-Cffiil-^I^SI , SQ SrSI»«93(Cttl;^i-6c « 10 
»^93«ffi||«^SQ /SlCDT-:J'^>'v'^>hSr* 
*r^SfS-§-^^lH]E&94{cHi;^-rS<, Jii&LfcJ:5<-> 
tBI8#.^SI , SQ »*=¥^yT^t6^^^A f Kf^^ZX 

SI , SQ (Omtn. miO (a) , (b) (C;^-r<J;5 

-CV^5o ^UT. SIML:S93dS+ilS«|g:SQ /SI (OT~- 

j^j5':xe;'a.>' h^*a6^t. igio (c) {;i^i-J: 5 

\Z.^ dr-V y TJliSSIgC^^A f=0, ±fs, ±2fs, 
••■(;i*JVNT0^ci;^i-Sft-^di#ibtb.5c SS^-ft-^^^ 20 
|HI8&94«. =^r-vyTjilSlgi:SrS!)l|-r-5yhfe(C, H 1 0 

(c) K^-tm-^-^^^ V rmmmmmm-^t lt^^v^ 

So :itti;iJ:t5. ^-r y TJliS«6:^^*-v y TjltSI^^S 

A f *5f s (omwcmt^ii>m^m-^x^v^ts'^ti^xt 

1 0 0 3 6 1 ig 1 1 y Tmi&^mm^tii^^(om 
[0 03 7] y rmf&mmmi^iiimmKDV— vgs 

{cfiffii|#$fcSQ </-h98»;<f-F^^ 30 

5 v^ff-^o^-f 5 v^-efflBfl^s^sQ s-PM^t-i-^^ 
leIiSS99{c:|±l;^)i-S. HI 1 0 (b) (;i;5%-t-J; 5 fc. K 
iS'-f $^^^|c*5(tStilS«^SQ tt^-^y T^iSI^^^ 
A f *Sf s (Dfi^fg-efc^tttcO t^iS. «eoT. 18 
^ft-i-5l^ilHllf&99;iS|l| 1 0 (b) {:i^i-ft-^&=3f-¥ y T 

[0 0 3 81 r«0<t5l-x ^A-y TiSJS^^^A f ^ f 
s ©3i^{Slc-t-SfcJ6®ft#|i=Sr^ y TjiSt^gciS^^^IW 
lll8S61^^e>#e>^^■5Ji^ f s ^'&<73;aiS^T^^^Sr$!lfflli- 40 
5 ifeWff -^l*itfe?!)ii:?iJ^#llHlB&44® tfcl;^) d» 6, #T V ^ 
So M?lJiI?lJ^^lHlieS44©(±i;^Ji:. dr-v y TJligcl^^^ 
<^|(±llHllS&101 yT'E:ffiSa^«lttl[llB&102 fc#;t 

o^^ryr) . =^-\'y r^i^ig:ig^^iitij[iii^ioi # 

■y-^^^ryT(D>'<!7-(D5^^^;^;^,.P>-gcidr-^yrcDfii: 50 
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^ (dr^ y Tjgjgi^iSMA f = f s ) (cf±. M^m^^ 
©f-p^^-vyrco/-?!?— f*i2i»T/^$<5fes„ =ee-Dr. 

m-rtt^mm-t^^ t xw±^^ v rm^m^ f s m& 

[0 0 3 91 y rmm^m^mmmoi <DmM-i 

(D^mmM^mm-r^ tzt^coumm-^^^^vx^iam 

S104 (cai;^J-t-5„ 

[004 01 =3f -Y y T&n^mmmmmo2 \^^^-^^ 

^■orm^MmMmQ'i \t.z.(r>wAm-^'^m\^xm^^ 
m.m5(D^mwm ^umir^fz.Ji>(Dum^^^Yf^\.x 
tmrno^ \^mti-ri>, iDgL;^io4 \t^^])rmwm.u 
mmm2<Dmti t ^ -r y rm^um^mQz (omtit^ 

^JDgLb-CD/A^^lOS (;i#;tSo D/A^^105 

ii*p»:^io4 (Dtati^T-ro ^m^K^^vxmu^m 
m5(Dmmm-^ti.xmti-r^o m^^m^^siioxA 
^m^io5 (omtn^m^^^^x^mm&mtmm^tix. 

[0 04 11 5lfe?iJii:?iMJfel@IBS44»m;^f*. ^ t3 

S'i^lIl«gSr#Sfc«>(c^'ns/:J'iga^^tU[HlSS106 (c^,-^ 

14, #•t^:/=3E-■vyT©e^i-f^^®^*^f5^I3s'^5'MMS^ 
^mU-C^t3 5/i^^^-^>lri5'ci5':J'^J^lHllKl07 (cm 

V^-c^a -;/^®J^Slf*-^S^^^^LTD/A^#|:g§108 tC-^ 
X.So D/A^^IOS tt. ^ci5,^^$)J^ft-§-^r-^-i3 
^ft-§-{C^#|Lr ^35^^:8^109 {c4-^So ^lfl55IM^ 
109 I4D/A^^108 <Dm;^)tCj;oT^M^JS«5:/5S^iJ 

^-f 5 Vi/|HI]SS110 (C-^;tfcn. 5 :x^[l]SS110 (4 

[0 04 21 m^. iOJ; 5 l-^t^ig$^^;^cll^£^^J®E^)f^ 

[0 0 4 31 llI^L;teV^ea^{^$ri^^LTe^l$i^fcOF 

I Fft-§■^c^^^i^f^:^A;'3«S^^31^:^^UTBPF32{c 
«if&^?tt-So BPF32I4I Fft-^<^!«l*SrK56febT»it 
1133. 34{Cffl;^i-5c *»SS33, 34{4. I tt<DS^ 
=^r-1r y rx«Qtt<DH^*-y y T;6S-^X. ibtt.Tji:3SS«?i 
Sr^T5o m»«S33A^^O Ift#«LPF37iSr^brA/ 
D^iil«&38{;i-^;te.tU, *^S34d=>f>©Qff-^l4LPF 
39Sr:^^LTA/D^g|:t^0lC-¥x.b^^•5<, A/D^^ 
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38, m-im^^mm09 t^h(r>i^ c ?/ ^ ^SrffiV^T I , Q 

10 0 4 4] if.imimz.^\^x\i^ it— K»iras-K^*-r 

So fiP*>x A/D^^38, 40*^550 1. Qft-§-{4^>!r 

$n.5o •^:5-r5i. E12 (a) , (b) 1:1*-^ J: 5 
{c, I, Qff-f-<DjIjlft-8-<D:^-K«MGl , G2 . - 
Ift-^co^SffiWraGl ' , G2 ' . ■ ■(^^^(^lyy 

T:<f— K^-l- 5 i^^^ttllllB&55{Cttl;/3i-^o 
[0 0 4 5] =¥-^yTlllM;J5ttl-rv^;feV^»^-C 
feo-ct.. E13:75MEl5(::^-rJ: iS^ffi»iM{c:*5V^ 

Q fi-^o jgMft -f- 1 © H (Dffi B8 V ^-f ir*^<^ffi M *s 
So ffiM5§54fi: I Qft-§-®iIMfB-§-t <oM(©ffiM 

v^r|g^£•r5c ;^-K«M^*Illl^4lttr(D:^-K^'i' 
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